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        Re: Carbonated Soft Drink 
Consumption and Risk of 
Esophageal Adenocarcinoma  

  In the recent study by Mayne et al. 
 ( 1 ) , consumption of carbonated soft 
drinks (CSD) was positively associated 
with gastroesophageal refl ux (GER) and 
inversely associated with adenocarci-
noma of the esophagus. Likewise, in 
1997, this study group had reported sta-
tistically signifi cantly reduced risks for 
adenocarcinoma of the esophagus in 
wine drinkers (odds ratio [OR] = 0.6, 
95% confi dence interval [CI] = 0.5 to 
0.8) and attributed this to sampling bias 
or residual confounding  ( 2 ) . The reduced 
risks for adenocarcinoma of the esopha-
gus in CSD drinkers could be attributed 
to similar reasons as discussed below. 

 First, the control subjects were 
younger than the case patients having 
adenocarcinoma of the esophagus  ( 2 ) . 
There were 124 case patients and 357 
control subjects aged 64 or less years and 
169 case patients and 338 control subjects 

aged 65 or more years ( P  = .009)  ( 2 ) . The 
Continuing Survey of Food Intakes by 
Individuals reported large differences in 
CSD by age  ( 3 ) . Total CSD intakes in 
young (40 – 59 years) and old (60 years 
and older) White males were 374 g/day 
and 144 g/day, respectively  ( 3 ) . Mayne 
et al. also found statistically signifi cantly 
higher consumption of CSD in younger 
than in older control subjects  ( 1 ) . 

 Second, the control subjects had sta-
tistically signifi cantly higher income 
( P  trend  = .005) than the case patients 
with adenocarcinoma of the esophagus 
 ( 2 ) . The Continuing Survey of Food 
Intakes by Individuals reported large 
differences in CSD consumption by 
income  ( 4 ) . For example, the daily diet-
CSD intakes among men aged 40 – 59 
years were 53 g/day, 80 g/day, and 139 
g/day in subjects with incomes 131%, 
131% – 350%, and greater than 350% of 
the poverty line, respectively  ( 4 ) . Mayne 
et al. found an increasing trend in total 
CSD consumption in the control sub-
jects with higher income  ( 1 ) . The con-
sumption of diet CSD by income groups 
is not discussed. 

 Third, the duration of CSD consump-
tion is missing from this study  ( 1 ) . CSD 
consumption was ascertained for 3 to 
5 years before the diagnosis of cancer 
 ( 1 , 2 , 5 ) . It was hypothesized that CSD 
contribute to the development of adeno-
carcinoma of the esophagus by inducing 
GER for several decades  ( 6 ) . The U.S. 
per capita trends show that rise in CSD 
consumption preceded the rise of adeno-
carcinoma of the esophagus by 20 years 
or more  ( 6 ) . People with heartburn for 20 
or more years have the highest risk for 
adenocarcinoma of the esophagus  ( 5 , 7 ) . 
Stratifi cation by GER symptoms cannot 
replace the duration of CSD intake in the 
decades prior to the diagnosis of cancer. 
This limitation is brought out in another 
publication of theirs  ( 5 ) . Ever having 
used H2 blockers was not associated with 
esophageal adenocarcinoma risk (OR = 
0.9, 95% CI = 0.5 to 1.5); the odds ratio 
was 1.3 (95% CI = 0.6 to 2.8) in long-
term (4 or more years) users but increased 
to 2.1 (95% CI = 0.8 to 5.6) when used in 
the 5 years before the interview  ( 5 ) . 

 The question of public health rele-
vance is whether high school students 
and young adults can drink several cans 
of CSD everyday for many decades with-
out increasing the lifetime risk of GER 
disease (GERD) and adenocarcinoma 
of the esophagus. More  epidemiologic 
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studies are therefore needed to provide 
the answer. Maine et al. report more fre-
quent self-reported refl ux symptoms in 
participants who consumed more CSD 
( 1 ). Therefore, CSD could be a new risk 
factor for GERD, the prevalence of 
which is rising rapidly.   

   MOHANDAS K.     MALLATH   
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            Mayne et al.  ( 1 )  provided relevant in -
formation on the association between 
carbonated soft drinks (CSD) and esopha-
geal cancer risk using data from a 
 population-based case – control study 
conducted in the United States. CSD may 
increase gastric distension, and conse-
quently gastroesophageal refl ux disease 
and could hence have contributed to the 
increasing trend of esophageal adenocar-
cinoma  ( 2 ) , which parallels the increase 
in CSD consumption. However, odds 
ratios (ORs) for the highest ( ≥ 1 drink/
day) versus the lowest (<1 drink/month) 
quartiles of CSD consumption were 0.47 
for esophageal adenocarcinoma (282 
case patients), 0.74 for gastric cardia 
adenocarcinoma (255 case patients), 0.85 
for esophageal squamous cell carcinoma 
(SCC, 206 case patients), and 0.65 for 
noncardia gastric adenocarcinoma (352 
case patients), with a statistically signifi -
cant inverse trend in risk for esophageal 
adenocarcinoma. To provide additional 
information to this issue, we analyzed 

data from a hospital-based case – control 
study conducted in northern Italy between 
1992 and 1997  ( 3 ) . 

 Case patients were 304 individu-
als (275 men and 29 women, median 
age = 60 years, range = 39 – 77 years) 
with incident, histologically confi rmed 
esophageal SCC. Control subjects were 
743 patients (593 men and 150 women, 
median age = 60 years, range = 36 – 77 
years) admitted to the same hospitals 
as case patients for a wide spectrum of 
acute, nonneoplastic conditions, not 
related to smoking, alcohol consumption, 
or long-term modifi cation of diet. Control 
subjects were frequency matched with 
case patients by quinquennia of age, sex, 
year of interview, and area of residence. 
Case patients and control subjects were 
interviewed using a standard question-
naire that included questions pertaining 
to sociodemographic factors and lifestyle 
habits, such as tobacco smoking and 
alcohol consumption and anthropometric 
measures. Subjects’ usual diet during the 
2 years before cancer diagnosis or hos-
pital admission was investigated using a 
validated 78-item food frequency ques-
tionnaire  ( 4 , 5 )  that included a specifi c 
question on CSD consumption. Odds 
ratios for CSD consumption were esti-
mated by using unconditional multiple 
logistic regression models  ( 6 ) , including 
terms for age, sex, study center,  education, 
tobacco smoking, alcohol drinking, body 
mass index (weight in kg/height in m 2 ), 
physical activity, and total energy intake. 

 Case patients and control subjects 
were grouped according to CSD con-
sumption, overall and in strata of sex and 
age (     Table 1 ). The overall odds ratio for 

   Table 1.       Distribution of 304 squamous cell esophageal cancer case patients and corresponding 743 control subjects, according to consumption of 
carbonated soft drinks (CSDs), Italy, 1992 – 1997  

 CSD nondrinkers *  
(<1 glass/mo)

  CSD occasional drinkers
( ≥ 1 glass/mo and <1 glass/day)

  CSD regular drinkers
( ≥ 1 glass/day)

  All CSD drinkers
( ≥ 1 glass/mo)

Characteristic

No. of case 
patients/no. of 

control subjects

No. of case 
patients/no. of 

control subjects OR  †   (95% CI)

No. of case 
patients/no. of 

control subjects OR  †   (95% CI)

No. of case 
patients/no. of 

control subjects OR  †   (95% CI)

Total 202/475 57/148 0.86 (0.57 to 1.30) 45/120 0.80 (0.51 to 1.25) 102/268 0.86 (0.62 to 1.20)
Sex
    Men 183/373 51/122 0.85 (0.54 to 1.32) 41/98 0.80 (0.49 to 1.29) 92/220 0.82 (0.57 to 1.18)
    Women 19/102 6/26 1.56 (0.44 to 5.58) 4/22 0.70 (0.15 to 3.19) 10/48 1.11 (0.38 to 3.27)
Age, y
    <60 80/207 34/74 1.23 (0.68 to 2.22) 27/63 0.94 (0.50 to 1.78) 61/137 1.09 (0.67 to 1.78)
     ≥ 60 122/268 23/74 0.58 (0.32 to 1.08) 18/57 0.86 (0.44 to 1.69) 41/131 0.69 (0.43 to 1.12)

  *  Referent category.  
   †   OR = odds ratio; CI = confi dence interval. Estimated by unconditional multiple logistic regression adjusted for age (<50, 50 – 54, 55 – 59, 60 – 64, 65 – 69, or 

 ≥ 70 years), sex, study center (Pordenone, Milan, or Padua), education (<7, 7 – 11, or  ≥ 12 years), tobacco smoking (never, ex-smoker, <15, 15 – 24, or  ≥ 25  cigarettes 
per day), alcohol drinking (<2, 2 – 3, or  ≥ 4 drinks per day), body mass index (kg/m 2 ; <24.2, 24.2 – 27.0, or  ≥ 27.1), occupational physical activity at age 30 – 39 years 
(low, low – moderate, moderate, or high – very high), and total energy intake (<1782, 1782 – 2192, 2193 – 2583, 2584 – 3116, or  ≥ 3117 kcal per day).   

http://www.ars.usda.gov/SP2UserFiles/Place/12355000/pdf/Race.PDF
http://www.ars.usda.gov/SP2UserFiles/Place/12355000/pdf/Race.PDF
http://www.ars.usda.gov/SP2UserFiles/Place/12355000/pdf/Income.PDF
http://www.ars.usda.gov/SP2UserFiles/Place/12355000/pdf/Income.PDF
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esophageal SCC incidence among those 
who drank one or more glasses of CSD 
per month was 0.86; it was 0.82 in men, 
1.11 in women, 1.09 in subjects aged 
<60 years, and 0.69 in those aged  ≥ 60 
years. Corresponding estimates for regu-
lar CSD consumption ( ≥ 1 glass/day) 
were 0.80 overall, 0.80 in men, 0.70 in 
women, 0.94 in younger subjects, and 
0.86 in older subjects. None of these 
estimates were statistically signifi cant.   

 Our study, based on a large sample 
size of esophageal SCC, with a high par-
ticipation rate (>95% for both case pa -
tients and control subjects), a satisfactory 
valid and reproducible  ( 4 , 5 )  food fre-
quency questionnaire (for CSD, Spear-
man  r  = .61), supports the fi ndings of 
Mayne et al.  ( 1 )  for esophageal SCC. 
The two studies suggest that CSD con-
sumption does not increase the risk of 
esophageal cancer and that a moderate 
inverse association between CSD intake 
and esophageal SCC risk exists.   
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      RESPONSE 
   We appreciate the opportunity to 

address comments by Gallus et al. and 
by Mallath regarding our recent publi-
cation on carbonated soft drink (CSD) 
consumption and lack of increased 
esophageal adenocarcinoma risk. Gallus 
et al. analyzed data from a case – control 
study in Italy and reported a statistically 
non-signifi cant inverse association 
between CSD consumption and risk of 
esophageal cancer. This was a study of 
esophageal squamous cell carcinoma 
rather than adenocarcinoma. Although 
these fi ndings do not inform a possible 
link between CSDs and esophageal ade-
nocarcinoma, the replication of our 
results for squamous cell carcinoma in a 
different population is reassuring. 

 Citing data from the Continuing 
 Survey of Food Intakes by Individuals 
showing greater consumption of CSDs 
in younger and higher-income subjects, 
 Mallath suggests that case – control dif-
ferences in age and income might 
account for the lower consumption of 
CSDs by case patients than control sub-
jects. We examined variables that could 
be associated with CSD consumption 
and, as shown in Table 1 of our manu-
script, younger age and higher income 
were both related to higher CSD con-
sumption among control subjects. Con-
sequently, all of the risk estimates were 
adjusted for age, income, and education 
and several other potential confounders 

(shown in Table 2 of the manuscript). 
That the determinants of CSD consump-
tion parallel those in the Continuing 
 Survey of Food Intakes by Individuals 
suggests that the population control sub-
jects in our study are representative of 
the general population. 

 Mallath also indicates that we had no 
data on duration of CSD consumption. 
We noted this potential limitation in our 
pub lication:  “ intake of CSDs 3 – 5 years 
prior to diagnosis might not refl ect intake 
in the distant past. ”  For this to explain 
our fi ndings, however, case patients who 
reported consuming fewer CSDs 3 – 5 
years before diagnosis would have had 
to consume substantially more CSDs in 
the distant past than control subjects. 
This seems unlikely unless case patients 
changed consumption habits to avoid ex -
acerbation of refl ux. However, the 
inverse association between CSD con-
sumption and esophageal adenocarci-
noma risk was found to persist among 
persons without refl ux symptoms. 

 Mallath concludes that CSD may be a 
new risk factor for gastroesophageal 
refl ux disease, which is consistent with 
our fi nding that control subjects who 
consumed more CSDs reported more 
frequent refl ux symptoms than those 
who consumed less. An alternative 
explanation, however, is that CSDs may 
affect perception of refl ux. Recent stud-
ies have shown that a majority of refl ux 
episodes are asymptomatic  ( 1 ) , with 
symptomatic episodes associated with 
pure gas refl ux, acid exposure in the 75 
minutes before the refl ux episode, and 
greater refl uxate acidity (pH <4), all of 
which may be related to CSD consump-
tion. Because the determinants of self-
reported refl ux may simply refl ect refl ux 
perception, a causal relationship with 
esophageal adenocarcinoma risk cannot 
be assumed without supporting clinical 
and epidemiologic data.   
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